(19) 




Eiiropaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

09.07.2003 Bulletin 2003/28 



(11) EP 1 325 885 A2 

EUROPEAN PATENT APPLICATION 

(51) Int CI7: BSIB 3/00 ^ \ . 



(21) Application number: 03250010.0 

(22) Date of filing: 02.01 .2003 



(84) Designated Contracting States: . 


(72) Inventor: Lin, Chuang-Chia 


AT BE BG CH CY C2 DE DK EE ES Fl FR GB GR 


Ithaca, NY 14850 (US) 


HU IE IT LI LU MC NL PT SE SI SK TR 




Designated Extension States: . : . . • 


(74) Representative: Rackham, Stephen Neir 


ALLTLV WIK RO 


GILL JENNINGS & EVERY, 


(3d) Priority: 07.01.2002 US 40iB87 ' 


Broadgate House, 


7 Eldon Street 




London EC2M 7LH (GB) ; 


(71) Applicant: Xerox Corporation. 




Rochester, New York 14644 (US) 





(54) Self-raligned micro hinges . 

(57)- . A surface micromachining process for the fab- 
rication of three-dimensional micro-hinges directly on 
silicon on insulator wafers (50). The process includes 
the steps of (a) defining openings (54) around the sur- 
face of a desired hinge pin in a single layer (51) of a 
silicon single crystal; (b) subjecting the openings (54) to 
an etching process for removal of oxide material (52) 
that is located in contiguous relation to the openings (54) 



. under the area of a hinge; (c) growing thermal oxide (56) 
to define a gap around the hinge pin; (d) immediately 
depositing. a thin layer of a chemical vapor deposited, 
oxide (55) sufficient to cover fine gaps not completely 
covered by the thermal oxide (56); depositing polysilicon 
and etching to define a hinge cap (54); and further etch- 
ing to allow a mirror (58) to be lifted out of the plane of 
the silicon wafer (Fig. 16). 
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Description ... 

■ . . ' ■ • •■- 

[0001] This invention relates to a process for the fal> 
rication of micro hinges by a surface micro-machtriiing 
method. More particularly, it relates to a process that en- 
ables the fabrication of self-aligned micro hinges on sil- 
icon on insulator (SOI) wafers. The unique silicon struc- 
ture can be used in a micro-electro-mechanical system 
(hereinafter "MEMS") that requires free-rotating hinged 
micro elements. 

[0002] Microdevices based on micron and rnillimeter 
scale microeiectromechanical systems (MEMS) tech- 
nology are widely used in niicrosensors, hiicrofluidic 
controls systems, and rriicromachines.. Currently, 
MEMS sensors are used in a very wide variety of fields 
such as automobiles, medical instrumentation and proc- 
ess control applications, in such use accurate determi- 
nations of pressure, temperature, acceleration, gas con- 
centration, and many other physical or chenribal states 
can be provided by tightly packed tiny sensors. In part 
because of the ease of associating and integrating elec- 
tronic control circuitry (using VLSI techniques), micro- 
devices are commonly constructed from semiconductor 
material substrates such as crystalline silicon, commer- 
cially available in the form of semiconductor wafers as 
used for the production of integrated circuits. Unfortu- 
nately, such wafer type substrates are limited in size in 
that they generally have a circular diameter of only about 
ten to twenty centimeters and less than one millimeter 
thick. Since many potential applications of MEMS re- 
quire arrays of microdevices distributed on a centimeter 
scale in all three dimensions, significant costs are asso- 
ciated with the construction, distribution, attachment, 
and interconnection of. large microdevice arrays based 
on silicon substrates. A low cost and reliable construc- 
tion method that enables one to effectively and efficient- 
ly manufacture three dimensional MEMS is at the core 
of state-of-the-art research dealing with this type of 
technology. 

[0003] "One major, branch of three dimensional (3b) 
MEMS evplveis around the. concept of micro hinges fab- 
ricated by a surface micro-machining method. The: tra- 
ditional microfabrication process was; somewhat limited 
because it could only build strictly tvvo-dimensionally 
(2D) extruded devices. Micro hinges revolutionized the 
microeiectromechanical system (MEMS) world by per- 
mitting the fold-up of what was originally flat, two-dimen- 
sional parts. Parts are still built in-plane, but are hinged 
or chained together as built. At the end of the process, 
they are folded .out-6f -plane and latched together. Many, 
complicated structures were built using this method, and 
the applications includemjcro optics (e.g. optical switch- 
es), sensors, and actuators. Examples of some of the 
first work that has been done in. this area of technology, 
are desci-ibed' in Sensors Actuator A,, vol. 33, pp. 
249-i266, 1992 by K! S.J. Pister, et al. entitled "Microfab- 
ricated hinges", and a recent summary is in the Proc. of 
the IEEE. vol. 86, pp. 1552-1574. 1998 by J. Bustillo, R. 



T Howe and R. S. Muller entitled "Surface Micrbmachin- 
ing for Microeiectromechanical Systems." However, the 
negative element about the technology described in 
• these articles is that the original process techniques for 

5 fabricating micro-hinges or hinge joints by a surface mi- 
cro-machining method, and the original hinge designs 
have many disadvantages. One particular disadvantage 
is the complexity of the process used for manufacturing 
these hinges. Known process techniques require depo- 

10 sition of at least five layers of film (e.g., three layers of 
polysilicon and two layers of silicon dioxide) along with 
the associated lithography techniques to complete the 
process. In- particular, the fabrication process becomes 
extremely, complicated if one attempts to directly mXe- 

15 grate this process with a silicon on insulator (SOI) wafer. 
[0004] there is illustrated in Fig. 1A, Fig. 1B and Fig. 
1 C a basic known technique for surface micromachining 
on a silicon on insulator (SOI) wafer which falls Into the 
area of technology designated as the prior art. Fig 1A 

20 illustrates how one starts with a layer of silicon i 0 on an 
insulator 1 5 and a silicon substrate 1 1 . Fig. 1 B illustrates . 
that a layer of material, l.e?/ silicon dioxide 1 2 Is then de- 
posited oh the silicon. Fig. 1 C then shbws that a layer 
of a photoresist 14 material is then deposited on the sil- 

25 icon dioxide. The structure is then in-adlated under a bir 
nary photomask, the photoresist is developed and ex- 
cess photoresist material removed. Thereafter, one 
etches to remove exposed material 12, and/or layer 10 
as well. Right after any. remaining photoresist is 

30 stripped. All of these process steps are repeatied for 
each of the structural and sacrificial layers. To build a 
floating hinge, three layers of polysilicon and two layers 
of silicon dioxide are needed. The cornplexity grows ex- 
ponentially as more layers are added if a proper con- 

35 nection between the layers are required. For example, 
only, one step of photolithgraphy and etch is needed for 
the first layer. But for the third layer to connect to both 
the first and second layers, another etch is needed to 
open holes at the second layer. The associated cost of 

40 manufacturing goes up with the complexity of the proc- 
. ess. Furthemior^, the thickness and the exact number 
; of layers of the various materials can create a large to- 
pography and stress problem. Large topography pre^ 
vents proper lithography that defines the feature size. 

45 Stress can cause cracking problems! 

[0005] A primary objective of the features of . the 
present Invention Is to proyide a fabrication process 
which avoids the above described disadvantages. 
[0006] It is also a primaiy objective of the present in- 

50 vention to provide a simple approach to permit the con- 
struction of micro- hinges on silicon on insulator wafers, 
then has previously been known before. It is an addi: 
tional objective of the present invention to describe a 
surface micromachining process for the fabrication ot. 

55 three-dimensional micro-hinges with tighter hinge tolerrj. 
ance than exhibited by known structures because the 
hinge pivptable portion of the micro-hinge stmcture is 
self aligned to the hinge staple portion! 
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[0007] The above described objectives, and others, 
are obtained in accordance with the preferred features 
of. the present invention by employing a surface mi- 
cromachining process for the fabrication of three-dimen- 
sional micro-hinges directly on silicon on insulator wa- 
fers comprising the steps of:, (a) defining openings 
around the surface of a desired hinge pin in a single lay- 
er of a silicon single crystal; (b) subjecting the openings 
to an etching process for removal of oxide material that 
is located in contiguous relation to the openings under 
the area designated for a hinge; (c) growing thermal ox- 
ide to define a gap between a hinge pin and a subse- 
quently depositied polysilicon cap; (d) depositing pbly- 
silicon and etching to define a hinge cap/staple; and (e) 
wet etching to remove grown oxide and allow a pin to 
rotate inside the cap/stapJe. A connected mirror struc- 
ture can be lifted out of the silicon wafer. 
[0008] The foregoing aspects and other features of 
the present invention are explained in the following de- 
scription, taken in conriection with the accompanying 
drawings, wherein: : 

FIG. 1A, FIG. 1B and FIG. 1G are a series of plan 
views illustrating a prior, art approach to fabricate 
;MEMS; . .^V 

FIG. 2 is a three dimensional view.of atypical micro 
' staple hinge; 

FIGS. 3-8 are a series of plan views illustrating the 
. var'ious specific steps in the prior art that are em- ^ 
ployed in manufacturing micro staple hinges; 
FIG. 9 is a three dimensional view of a single crystal 
silicon layer on an SOI wafer hinge structure; 
FIGS. 10,11,12, ISA, 13B and 14-16 are a series 
. . of plan views illustrating the process steps em- 
ployed for manufacturing micro-hinges in accord- 
. ance with the specific features of the proceiss de- 
■ fined by the present invention; / 

FIG. 17 is a three dimensional view of chained 
. plates connected by self -aligned micro-hinges that 
: form ia platfomi that can be raised. above the sub- . 
: v; St raite of the platform at any.angle;. v;^;- ; . ■ 
^rw^ /.^^FIGS. 1 8A andl SB illustrate;a comparisbn between:. 

V: a a micro-hinge made in 

• : ' accordance with the process of this invention; and 
r .'FIG. 19 and FIG 20. are scanning electron micro- 
photographs of. self-aligned micro-hinges made in 
. accordance with the process described herein. 

[0009] ; The features of the present invention describe 
- a novel methdd of building micro hinges on top of silicon 
on insulator (SOI) wafers. The method allows fabrication 
of hinges that can .be lifted but. of a wafer plane though 
the method requires only one polysilicon deposition and ' 
greatly reduces process complexity and cost.The hing- 
es, manufactured by this inverition are self aligned and ! 
have much tighter tolerance than the traditional polysil- 
icon hinges. (which typically requires deposition of three 
polysilicon layers). In addition, the pirocess according to 



the present invention also allows the moving plate to be 
built completely out of single crystal silicon, and signifi- 
cantly reduces the stress and fatigue failure issues as- 
sociated with polysilicon mirrors. - ^ 
5 :[0010] The process according to the invention can be 
extended to traditional surface micro machining to re- 
. «. duce the required number of layers of polysilicon by a 
. deposition technique. The application is very broad and • 
' can be employed with regard to many movable micro 
10 devices, particulariy micro optical switches, micro spec- 
. tral analyzer, micro display; and electric-paper.. 
. [0011] As illustrated in. Figure 2, the structure for a typ- 
ical micro staple hinge 20 is composed of a hinge flap 
or plate 21 that can rotate as per arrow 22 and a hinge 
staple 23..The flap 21 and staple 23 are connected to 
<^ separated structures. These are free to rotate relative 
to. each other as per arrow 22. 

. [0012] Hinges as described herein are typically built 
. : . by a surface micromachining process. The process em- 
. ployed in the prior art is illustrated in Figs. 3 through Fig. 

8, wherein a sacrificial layer 30 (silicon oxide) Is usually 
. deposited on top-of the polysilicon structure 31 that has 
. a hinge post 35 pre-defined (Figs. 3 and 4). Both 31 and 
35 are formed of polysilicon (layer 1). Layer 34 is a sil- 
25 - icon dioxide layer. Substrate 32 can be covered by a 
. polysilicon layer 38A and a silfcon nitride insulation layer 
39A which are both used to prevent charging. Anchor 
holes 36 are etched at both sides of the post 35 through 
. V both layers 30 and 34 (Fig. 5)^ followed by deposition of 
30 the polysilicon Iayer 38. (Rg. 6) This polysilicon layer 38 
. Is patterried and etched to form the staple that surrounds 
the post. At the end of the process, the sacrificial mate- 
rials are rernoved by etching (Fig: 7). The remaining 
polysilicon structures are then allowed to moye in the 
35 direction of: a n^ow 37 and.rotate to fold into the staicturcj. 
, . . (Fig. 8) jf the plate that has the post needs to be moved 
out of plane/ the layer 32 needs to be physically sepa- 
rated from the substrate (Fig. 8).. 
[0013] The above designed process is fairly difficult 
40, •■: to integrate if a silicon on insulator (SOI) (Fig. 1 A) wafer 
V : \ vis used. There is a desire to use a SQl wafer and it is a 
•.; popularchoice in building optical devices because it piro- 
. vides a single crystal silicon layer that exhibits consist- 
•.; : .ent. properties as compared to- polycrystalllne silicon. 
45 However, the buried (sacrificial) oxide layer is unpat- 
■r terned, making the direct application process as de- 
^ scribed in Figs. 3 through 8 impossible: It is possible to 
imagine iriiplementing the method to build hinges, but it 
. only gets rnore complicated than the original method: 
:50 . [0014] . The embodiments of the present inverition as 
\{ described herein proposes.a different approach. Instead 
. of having the hinge post.stapled by two polysilicon lay- 
.u* . . ers, the invention describes a staple that completely sur- 
rounds the post with the same layer (deposition) as il- 
55 lustrated in Fig. 9: This design is possible by taking ad-:, 
vantage of the conforming properties of polysilicon and 
. thermally grown oxide, and the undercutting capability 
of a silicon dioxide wet etch. As illustrated ther^ is shown 
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a micro hinge device M comprising a substrate 42 which 
is the basic foundation for the micro-hinge device M. 
Supported on the substrate 42 is an anchor plate 41 , . 
and anchored to anchor plate 41 is staple member 40 
which surrounds and holds hinge pin 42A. There is a 
. layer of buried oxide positioned between anchor plate 
41 and substrate 42 which layer is heeded for electrical 
insulation. "Flap" or "moving plate" or "mirror" 43 can 
rotate in the direction of arrow 44 out of plane around ; 
hinge pin 43A. The anchor plate 41, the moving plate io 
43 and the pin are all made of single crystal silicon. The . 
-Staple 40 is made of polycrystal silicon. All plates are 
electrically isolated from the substrate 42. 
[0015] Figs. 10 through 16 illustrate cross -sectional . 
views of an MEM device during the primaiy fabrication ^5 
steps in accordance with the specific process s^teps de- 
fined by the present invention. As shown in Fig. 10 the 
starting material is an SOI wafer 50 which comprises a 
single crystaj silicon layer 50 having a preferred thick- 
ness of about one to about five microns. The crystal sil- 20 
icon layer 51 lies over a layer of buried oxide 52 which 
in turn lies on substrate 53, also a single crystal silicon 
layer. First, the slots are defined around the hinge pin 
as shown in Fig. 11 by an etch, that forms trenches 54 
(slots). into the silicon single crystal layer 51 . Thereafter 25 
a wet etch is performed to remove the oxide under the 
hinge pin (Fig. 12). "d" defines. the distance between 
each silicon crystal layer 51 on each pin 52 after the 
etching process. Thermal oxide 56 is grown in the next 
step (Fig. 13A) to define the gap between the pin and 30 
the to-be^eposited polysilicon cap. An optional thin lay- 
er of CVD oxide (LTO: low temperature oxide) 55 can 
be deposited immediately afterward to cover fine gaps 
notcompletelysealed-by the therrnal grown oxide in the 
field, plus to round off the slot opening (Fig. 1 3B). Be- 35 
cause the width of the trench around the pin is larger, : 
the CVD oxide will- only round off the top corners, but 
wont seal ,off the trench opening. The thickness of the 
thermal oxide layer 56 is about orie half the thickness of .. . 
dimension "d" shown in Fig. 12 arid the thickness of lay- 40 
er 55 LTO is less than hailf of the thickness of layer 56. 
Polysilicon anchor etch is perfon-ned in the next step 
(Fig. il 4)1 Thereafter, polysilicon 59 is deposited (Fig. 1 5) 
and etched to define the hinge cap: Since polysilicon 
has excellent conformallty, It will completely fill up the ^5 
gap underneath the pin and warp around it. This feature 
allows the hinge 58 to be lifted off the plane completely 
(Fig. 16). For a direct comparison, it would take at least 
three (3) polysilrcon depositions with traditional surface 
rnicr^o machining techriiques to achieve the same tunc- 50 
tionality. 1n the last step, the sacrificial oxide, is etched 
away by hydrofluric acid, and the mirrorcan be lifted out. . 
of plane We can cascade the mirror plates to build lifted 
platforms; -,■ : ^. .\ • ; ; k-: 

[0016] Fig. 17 illustrates a hinge system. made by the . 55 
process of the present invention in the form of a chained 
platform connected by silicon self-aligned micro-hinges 
made in accordance with the features of the present in- 
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vention that cajiSai^^i;^;,t^^^ direction of arrow 64 at 
any angle. The hifigWIpSstb a^ singje cFystal silicon 
as are the various platforms 61 all of which are support-: 
ed on substrate 62. Fabricated movement will be in the 
direction of arrow 63, further to the left. Platfpmri 61 is 
typically connected to a micro actuatoi' to push it in the . 
direction of arrow 63, i.e. to the right. VVhen pushed in 
the direction of arrow 63, the entire structure is raised 
in the direction of arrow 64 (out of plane). FurthemD ore, 
the angle of each plate 61 will be controlled by move- 
ment in the direction of arrow 63. 
[0017] As illustrated in the top portion of Fig. 17, sur- 
face 66 is positioned on platfomn 61. Surface 66 can be 
a metal reflector a fine etched grating, for example, or. 
a big hofe. . . . . 

[0018] Fig. 1 8A Is a further illustration of a traditional 
silicon hinge structure in which three layers of polycrys- 
talline silicon is needed. This is In direct corriparison to 
the self-aligned hinge (SAH) shown in Fig; 18B in ac- 
cordance with the present invention in. which only one . 
layer of polycrystal line silicon is needed for the hinge 
structure. Figs.-1 8A and 188 illustrate why (how) the tol- 
erances of the self-aligned hinger(Fig' 188) are better, 
than that of known hinges. as illustrated in Fig. ISA. 
[0019] The hinge tolerance is defined by. the gap be- 
tween the hinge post (pin) andthe cap that. sun-ounds 
the post. For a traditional micro hinge, the gape is w2 
on the side, and t1 and t3 on top and-below. As for self- 
aligned micro-hinges made in accordance with the proc- 
ess described by the present invention, the gap is w3,'^ 
and t4, t5, respectively. 

[0020] For traditional hinges, t1 and t2 are determined, 
by the thickness of oxide 1 and oxide 2. They typically 
are about 1 .5 to 2.5 um. W2 is delennined by the etching 
and alignment capability. Basically the w1 etch that is 
done prior to po|y 3 deposition. W1 etch has to go 
through both oxide 1 and oxide 2 layers, therefore its 
etch mask must have a reasonable thickness (t6 in Fig. 
18A). Also, layer-to-layencohtact photolithography, typ- 
ically used for building MEMS, has alignment accuracy- 
no better than about 1 -1 .5 um. Therefore w2 has to be 
reasonably large enough to prevent accidental lithogra- 
phy alignment error that causes a shift of w1 etch and 
bridges poly 3 to poly 2 hinge post later on. It is typically 
about 3 um assuming a 1 -1 .5 um alignment accuracy. 
In addition^ w1 has to be wide enough, usually 2-3 times, 
of (t1+t3), and ensure a good etch and proper connec- 
tion of poly 3 to poly 1 at the end of the process. . 
[0021] In the case ofthe self-aligned hinge (Fig. 188), 
t4 should be approximately equalto tS arid w3 since they 
are all grown at the same time. Thermal oxide is "con^ . 
formaiv, meaning its thickness is -about equat every- ." 
where. W3 should b(9 around 1 um or no rhore than iabout 
1 .5 um, It should be just enough to get the hinge to turn. 
There is no additional lithography/etch isteps that need i 
to define the w4 hole, and there is no concern about 
alignment, rhask thickness/step co ve rage... etc. W4 is 
about 1^ of t8. . . 
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[0022] Thus. .w2 is usually 3 um, and w3 is usually 
1 -1 .5 um. Therefore, the micro hinges that are made in • v 
accordance with the process of the present invention 
have better tolerances. Adding that w1 is usually 4* .:" .'■ . 5. 
(2—3) = 8'--12 um, and w4 is only 2—3 um, it is noted* s 
that micro hinges made in accordance with the process 
of the present invention are also smaller. But the size 
difference Is not as significant because the cap needs 6. 
to anchor down as well. The width w5 should be aboiit 
twice of w3* and about 3 urn. Spacing w6 will add an- 
other 4-5 um. 

[0023] Scanning electron micrographs of self-aligned 
micro hinges are shown In Figs. 19 and 20. In Fig. 19, 
four hinges connect the right mirror plate to the left. The 
pins arepart of the right plate, and the poly caps anchors 
down to the left mirror plate. The sacrificial oxide has 
been removed and one can see that the poly cap wraps 
around the single crystal silicon hinge. In Fig. 19, the 
right hand side plate rotates up. A close-up view of an- . 
other hinge is also shown in Fig. 20 to better illustrate 20 
the tight tolerance of the self-aligned hinges in accord^ 
ance with the embodiments of the present invention. 
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claim 3, wherein said structure (58) is a mirror or a 
gratiiig. 

A surface micromachining process according to any 
one of the preceding claims, wherein said etching 
processes are dry etching processes. 

A surface micromachining process according to any 
one of the preceding claims, wherein said silicon 
single crystal layer (51 ) is from, about one to about 
five microns thick. » ?^ ' ^h- ■ . 



Claims 



25 



1. A surfiace micromachining process for the fabrica- 
tion of three-dimensional rhicrorhinges directly on ' 
silicon on insulator wafers (50) comprising the steps 

of: . ■ ■ •■ '.' : . . ■ ■ • ' . '" " ^ 



30 



(a) defining openings (54) around the surface 
of a desired hinge pin in a single layer (5.1) of a 
silicon single crystal; • 

(b) subjecting the openings (54) to an etching 
process for removal of oxide materia! (52) that 
is located in contiguous relation to the openings 
under the area designated for a hinge; 

(c) growing thermal oxide (56) to define a gap 
.around the hinge.pin; 

(d) depositing polysllicon '(59) and etching to 
define a hinge cap/staple (59); and . . 

(e) wet etching to remove grown oxide (56) and 
allow relative rotation between the hinge pin 
and the cap/staple (59). 



35 
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A surface micromachining process according to 
claim 1 , wherein after step (c), immediately depos- 
iting a thin layer Qf a chemical vapor deposited oxide 
(55) sufficient to cover fine gaps not completely cov- ■ 
ered by said thermal oxide (56). . \ • . ! . 



50 



3. A surface micromachining process aiocbrdlng to y 
claim 1 or 2, further comprising the step of lifting a / 
structure (58) out of the plane of the. silicon wafer 

(50). ; 



55 



4. A surface niicromachining process according to 
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(54) Sell-aligned micro hinges 

(57) " A surfabe rnlcromachining process for the fal> . 
rication of three-dimensional micro-hinges directly on 
silicon on insulator wafers (50). The process includes 
the steps of (a) defining openings (54) around the sur- 
face of a desired hinge pin in a single layer (51) of a 
silicon single crystal; (b) subjecting the openings (54) to 
an etching process for removal of oxide material (52) 
that is located in contiguous relation to the.openings (54) 



under the area of a hinge; (c) grbwirig thenmal oxide (56) 
to define a gap around the hinge pin; (d) inimediately 
depositing a thin layer of a chemical vapor deposited 
oxide (55) sufficient to cover fine gaps not completely 
covered by the thermal oxide (56); depositing polysilicon 
anid etching to define.a hinge cap (64); and further etch- 
ing to" allow a mln-or (58) to be. lifted out of the plane of 
the silicon wafer (Fig. 16)/ . 
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